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(Malvern, Model ZEN3600). Zeta potential was measured three times at each pH (50 scans each 111 time), with the average and standard deviation being calculated. 112 113 2.3. Competitive sorption experiments using fBC 114 The stock solutions (100 mg L -1 ) of SMX, SMT, STZ and CP were diluted to different initial 115 concentrations of each antibiotic. The effects of pH were studied at adjusting pH values from 1.5 116 to 10.9, using HCl and NaOH solutions. fBC was pre-equilibrated at the same pH for 24 h using 117 half of the volume of a mixture of antibiotics and rest of solute was added and shaken for another for each antibiotic in mixture mode which were shaken on an orbital shaker at 120 rpm for 42 h 122 (apparent equilibrium time) at pH 4.0-4.25. In all cases, a constant ionic strength was maintained 123 using 0.01 M NaCl. The control experiments without adsorbents were also executed. The 124 application of fBC to treat lake water (TOC, 96.67 mg L -1 ) and synthetic wastewater (TOC, 54.0 125 mg L -1 ) was carried out by spiking each antibiotic (1.0 mg L -1 ) at pH ~4.0-4.15 and 25 o C. TOC 126 was measured by using a TOC analyzer by the filtration of the collected and prepared sample 127 using 1.0 mm pore size syringe filter. Synthetic wastewater was composed of peptone, beef 128 extract, humic acid, tannic acid, arabic acid, sodium lignin sulphonate, acacia gum powder, 85% of B at a flow rate of 0.4 mL min -1 , which was changed to 0.3 mL min -1 at 0.1 min and 141 maintained till 5.9 min. Then at 6.0 min the elution changed to 40% of A and 60% of B at a flow 142 rate of 0.3 mL min -1 and maintained over 15 min. The competitive sorption data for all antibiotics 143 were fitted to the Langmuir and Freundlich isotherm models and three kinetic equations. The 144 competitive sorption distribution coefficient (K d , L kg -1 ) is defined by equation 1:
where q s is the equilibrium concentration of each antibiotic in mixture mode in sorbent (mg g -1 ),
147
C w and C o are the equilibrium and initial concentrations (mg L -1 ) of each antibiotic in mixture 148 mode, V is the solution volume (L), and M is the sorbent mass (g).
149
The kinetic equations such as the pseudo first order (PFO), pseudo second order model 150 (PSO) and intra-particle diffusion model (IDM) can be represented as follows:
are PFO and PSO kinetic rate constant, respectively, and C is a constant (mg g -1 ) that provides 157 the thickness of the boundary layer.
158
The Langmuir and Freundlich isotherm models can be been represented as follows:
159
Freundlich model:
Langmuir model:
where q max is the maximum adsorption capacity (mg g -1 ), n is a dimensionless number related to 162 surface heterogeneity, K F is the Freundlich affinity coefficient (mg 1-n L n g -1 ) and K L is the 163 Langmuir fitting parameter (L mg -1 ). The K d values for competitive interaction of selected antibiotics on fBC were found to be pH 168 dependence ( Fig. 1a) . All the selected sulfonamide antibiotics are ionisable while CP is nonionic. The maximum K d values were observed at pH ~4.0-4.25 for STZ (2.2 10 5 L kg -1 ), SMX
179
(1.9 10 5 L kg -1 ), SMT (1.7 10 5 L kg -1 ) and CP (1.73 10 5 L kg -1 ). The maximum K d at this pH range was found due to the adsorption of neutral species of sulfonamides at pH ~2.0-6.0 mg g -1 ). However, the q s , cal values for the PFO kinetic model followed a different order: STZ 205 (10.73 mg g -1 ) > CP (10.03 mg g -1 ) > SMX (9.89 mg g -1 ) > SMT (8.73 mg g -1 for STZ, SMX, CP and SMT, respectively in competitive mode. The K F values were 16.76, 9, 215 11.04, 9.81 and 9.65 mg 1-n L n g -1 , respectively, for STZ, SMX, CP and SMT at 25 o C. These 
Mechanisms of competitive sorption on fBC
The results from the sorption isotherms, sorption kinetics and the pH effect suggested that the the role of functional groups as well as π-π interactions due to change in the peak intensity for G 258 and D bands. In addition, G * band peak intensity also reduced significantly indicating the π-π 259 interactions. The mechanisms of antibiotic sorption can be also explained based on different pH 260 described below.
261
The zeta potential value of the fBC was found to be positive at solution pH 1.5 i.e. surface acidic indicating that equation 7 was not the main mechanism (Fig. 2) , which is consistent with the cationic form of sulfonamides can be gained through a strong H-bond formation (Fig. 4) . 305 On the other hand, CP has a pK a value of ~5.50 and thus ∆pK a for surface -COOH and minimum CP sorption was also found (might be just crossing the pK a matched solution pH).
325
Equilibrium pH moved to ~6.4 also indicating the release of -OH groups in the solution by 326 consuming proton from the solution leading to hydrogen bond formations.
327
In alkaline solution, the sorption of sulfonamide negative species was found to be 328 significantly lower than for neutral species. This was due to repulsion of negative species Competitive removal of antibiotics was carried out at different dosages of fBC and pronounced 350 differences were observed for lake and synthetic wastewater (Fig. 5) . In comparison with lake 351 water, synthetic wastewater was found to have more influence on antibiotics removal than lake 
Conclusions

363
Competitive sorption of sulphonamides and chloramphenicol was very strong toward fBC.
364
Competitive sorption was governed by solution pH and the maximum sorption occurred at pH 
